Background 2
For the study of gut morphometry 16 male Wistar rats were randomized to gastric 11 bypass (n=8) or sham operation (n=8). All rats were ad libitum fed throughout the 12 complete observation period of 60 days. Rats were fasted for 24 hours before being 13 killed to ensure the small bowel was free of chow residue. The entire small bowel 14 from the duodenum to the ileocaecal valve was collected. Total wet weight and 15 length of the small bowel were measured in the sham-operated rats, whilst in gastric 16 bypass rats the weight and length of the three limbs (alimentary, biliopancreatic and 17 common channel) were measured separately and then added. Supplementary 18 material describes gut tissue processing and analysis. 19
20

Statistical analysis 21
All data were normally distributed and are expressed as mean ± SEM. Student's t-22 test for independent samples and one-way ANOVA with repeated measures and 23 post-hoc Bonferroni test for each time point were used to test for significant 1 differences. P<0.05 was considered significant. For all analyses data from the two 2 gastric bypass groups were pooled, because data did not differ between the two time 3 points (day 40 and day 75 after surgery). 4 
5
Results
1
Body weight 2 Figure 2 shows the body weight changes for both groups. For the energy expenditure 3 experiments (figure 2a), body weight was significantly lower in gastric bypass rats 4 compared to the sham-operated ad libitum fed group from day 5 after surgery. On 5 postoperative day 70, the difference in weight was almost 200 g (sham ad lib: 6 603.2±6.6 g vs. bypass: 414.3±13.8 g, p<0.0001). After a short period of post 7 surgical weight loss, shams ad libitum fed constantly gained weight for the rest of the 8 study. In contrast, gastric bypass animals lost 11.2±1.4% of their preoperative weight 9 by postoperative day 10; body weight then plateaued around 415 g. 10
Food restriction started one week after surgery for the body weight-matched shams 11 (n=8). There was no significant difference in body weight between the gastric bypass 12 group and the food restricted body weight-matched rats on and after day 55 (sham 13 body weight-matched: 412.2±3.0 g vs. bypass: 408.7±9.4 g, p=0.78). 14 There was no increase in either fresh faecal mass (sham ad lib: 8.4±0.5 g vs. sham 15 body weight-matched: 6.6±0.6 g vs. bypass: 7.3±0.4 g, p=n.s.) or faecal calorie 16 content (sham ad lib: 3.56±0.04 kcal/g vs. sham body weight-matched: 3.51±0.04 17 kcal/g vs. bypass: 3.65 ± 0.04 kcal/g, p=n.s.) in the gastric bypass animals compared 18 to the control groups. C-reactive protein levels were below the detection limit of the 19 assay (<2mg/L) in all animals suggesting no postsurgical infection or inflammation 28 20 days after surgery. 21
In the gut morphometry experiments, body weight was significantly lower in gastric 22
bypass rats compared to the sham-operated group from day 5 after surgery (figure 23 2b); sham-operated rats gained weight for the rest of the study, while gastric bypass 1 animals lost 15.4±1.1% of their preoperative weight by postoperative day 10 and then 2 plateaued around 260 g. The difference in body weight on day 60 was 164 g (sham 3 ad lib: 423.6±10.2 g vs. bypass: 259.1±16.3 g, p<0.0001). 4
5
Body Composition 6
Adipose tissue mass between vertebrae L1 and L5 in gastric bypass was lower than 7 in sham-operated ad libitum fed rats, but similar to body weight-matched shams 8 (sham ad lib: 27.6±2.7 g vs. sham body weight-matched: 5.3±0.9 g vs. bypass: 9 11.6±1.3 g, p<0.001). Non-adipose tissue in gastric bypass was lower than in sham 10 ad libitum fed rats, but higher than in body weight-matched shams (sham ad lib: 11 107.1±2.9 g vs. sham body weight-matched: 71.0±1.1 g vs. bypass: 80.9±2.4 g, 12 p<0.001). 13 
14
Food intake outside metabolic cages 15
Food intake followed similar patterns as body weight. Figure 3a shows bypass: 4.5±0.7 g, p<0.05, Figure 3b ). Sham-operated body weight-matched rats 10 consumed all their food during the first half of the dark phase and are therefore not 11 represented in figure 3b . 12 
13
Energy Expenditure 14
Twenty four hour energy expenditure was increased after gastric bypass compared 15 
Body Temperature 22
Body temperature as measured during the light and dark phase is shown in Figure  1 4c. Body temperature in gastric bypass rats was lower than in sham-operated ad 2 libitum fed rats, but higher compared to body weight-matched sham rats during the Our data in the rat gastric bypass model are consistent with previous findings that 2 gastric bypass surgery is effective to reduce body weight and especially to maintain 3 body weight loss 4, 9, 10, 12, 16 . We confirmed that body weight loss after gastric bypass 4 was associated with a significant loss of fat mass and to a lesser degree of non-5 adipose body mass 28, 29 . Food intake was reduced in gastric bypass rats which may 6 be partly explained by hormonally mediated mechanisms 9, 16, 30 . Importantly, the 7 lower food intake after gastric bypass compared with sham-operated ad libitum fed 8 rats only partly explains body weight loss, because the sham-operated body weight-9 matched group required on average 40% less food than the bypass group to 10 maintain the same level of body weight. Consequently, reduced calorie consumption 11 is important but not the sole cause of weight loss after gastric bypass. We found no 12 increased fecal mass, fecal calorie content or inflammation in the gastric bypass 13 animals; therefore nutrient malabsorption or inflammation are unlikely to play a major 14 role in this weight loss 10 . 15
We demonstrate a higher total energy expenditure in rats after gastric bypass 16 compared to ad libitum fed and body weight-matched sham groups which is in 17 accordance with some, but not all previous reports of energy expenditure in humans 18 31-33 . Our differences in energy expenditure were mainly due to changes during the 19 light phase when physical activity is typically low. Gastric bypass surgery did not only 20 prevent the expected decrease in energy expenditure subsequent to body weight 21 loss, but actually increased 24 hour and in particular light phase energy expenditure 22 in comparison to the control groups. 23
24
Higher energy expenditure after gastric bypass was associated with lower respiratory 1 quotients suggesting that fat rather than carbohydrates was burnt to sustain higher 2 energy expenditure. However, food restricted body weight-matched controls showed 3 similar respiratory quotient levels to the gastric bypass group suggesting that body 4 weight loss rather than a specific effect by the gastric bypass procedure was an 5 important determinant for the observed decrease in respiratory quotient. 6 7 As higher levels of total energy expenditure usually result either from greater heat 8 generation or increased physical activity 34 , some of our findings remain unexplained. 9
Firstly, bypass rats were not more physically active than the control groups. The 10 bypass rats showed no difference in spontaneous activity during the light phase to 11 indicate reduced sleep time, but we have not formally evaluated sleep patterns. In 12 fact, at least during the dark phase, when spontaneous activity is usually high, 13 physical activity was lower in the bypass rats than in the sham controls. As gastric 14 bypass induces an increase in postprandial levels of PYY and GLP-1 15 which reduce 15 food intake, the reduced dark phase physical activity may possibly indicate reduced 16 appetite and hence less foraging or food seeking behaviour. The second unexpected 17 finding was the lower body temperature in gastric bypass rats compared to ad libitum 18 fed sham controls. This was observed throughout the light-dark cycle. However, 19 during the light phase the body temperature of the gastric bypass rats was higher 20 than in the body weight-matched controls despite no difference in physical activity. It 21 must be emphasized that during the light phase gastric bypass rats continued to 22 consume some food, whilst the body weight-matched shams consumed all food 23 during the first half of the dark cycle. Thus, differences in light phase body 24 20 temperature might be related to food intake and subsequently diet-induced 1
After a 5 g test meal gastric bypass rats had greater diet-induced thermogenesis than 4 body weight-matched controls, but no difference was observed between gastric 5 bypass rats and the ad libitum fed sham group. 6 7 Our data suggest that gastric bypass induces profound changes in food intake, 8 energy expenditure and the mechanisms by which the body controls energy 9 expenditure. As gastric bypass significantly rearranges the gastrointestinal anatomy, 10 we suggest that gastrointestinal and central neuroendocrine signaling contribute to 11 increased energy expenditure 34 . Neurons in the hypothalamic arcuate nucleus 12 (ARC) co-express neuropeptide Y (NPY) and agouti-related peptide, which stimulate 13 food intake and weight gain 37 . Another population of ARC neurons co-express pro-14 opiomelanocortin (POMC) and cocaine-and-amphetamine-regulated transcript 15 (CART), which both promote weight loss 38 . The balance between NPY and POMC is 16 critical for the maintenance of body weight [37] [38] [39] . Gastric bypass increases 17 postprandial levels of PYY and GLP-1 9, 10 , which are satiating inducing gut hormones 18 and hence favour an anorectic state and facilitate body weight loss through 19 modulation of the hypothalamus and brainstem 40, 41 , also being involved in the 20 control of energy expenditure 18 . In fact, PYY has been shown to activate anorectic 21 POMC expressing neurons in the ARC 42 and to inhibit NPY neurons 43 , suggesting a 22 potential to increase energy expenditure. 23
1
Gastrointestinal effects of GLP-1 and PYY can be resolved by ablation of vagus-2 brainstem-hypothalamus pathways 40 indicating a role for the vagus in mediating 3 effects on food intake and potentially energy expenditure. However, it was beyond 4 the scope of this study to assess the potential role of vagal or visceral neural afferent 5 information to the central nervous system. 6 7 GLP-1 increases endogenous amylin levels 44 . Amylin may be another potential 8 candidate decreasing food intake and increasing energy expenditure 25 . Of note, the 9 reduced food intake after amylin is independent of GLP-1 and vice versa (Lutz TA, 10 unpublished data). Nonetheless, chronic amylin administration reduces food intake 45 
11
and it prevents the decrease in energy expenditure that would typically result from 12 lower food intake and body weight loss 46,47 (Lutz TA, unpublished data). 13
The increase in total energy expenditure might also represent a higher energy 14 requirement after bypass surgery. We also demonstrated significant morphometric 15 changes of the small intestine after gastric bypass surgery 11, 15 . The observed 16 increase in muscle thickness and mucosal mass after gastric bypass resulted in a 17 72% increase of the total small bowel weight. The gut is metabolically very active 18 and the mean in vitro rates of oxygen consumption in gastrointestinal tissues in rats 19 have been reported to be 15-22% of total oxygen consumption 48, 49 . Thus, gut 20 hypertrophy may at least in part explain the higher maintenance energy requirement 21 that contribute to body weight loss. 22
Postoperative inflammation secondary to infection can lead to a higher energy 1 demands, but we found no evidence of an inflammatory response in our study. Other 2 mechanisms that should be considered but may be less likely include decreased 3 leptin after gastric bypass. Usually high leptin and not low leptin contributes to 4 increased energy expenditure 50 . Although low leptin levels may explain the lower 5 body temperature in bypass rats than in ad libitum fed controls, it does not explain 6 the observed difference in body temperature between bypass and body weight-7 matched rats. 8
9
This study does not explain why average body temperature was reduced while total 10 energy expenditure was higher after gastric bypass. One possible explanation is that 11 more heat was dissipated to the immediate environment of the rats especially since 12 gastric bypass rats had significantly less body fat and hence less thermal isolation. 13
We did not assess cutaneous vasodilation to further explore potential mechanisms. 14 Another explanation may be an up regulated activity of brown adipose tissue, but our 15 measuring system did not allow the separate assessment of brown adipose tissue 16 and tail temperature.. 17
18
In summary, not only did gastric bypass surgery prevent the expected decrease in 19 energy expenditure subsequent to body weight loss in this diet-induced obese rat 20 model, but 24 hour and in particular light phase energy expenditure were higher than 21 in sham controls. Diet-induced thermogenesis was also higher after gastric bypass 22 surgery compared to body weight-matched controls. Increased energy expenditure 23 may offer an additional explanation why gastric bypass surgery is superior to dieting 1 for successfully maintaining long-term body weight loss. sham-operated ad libitum fed (n=8, white columns), for sham-operated body weight-3 matched (n=8, grey columns) and for gastric bypass rats (n=14, black columns). 4
While data for energy expenditure, body temperature and activity are shown during 5 24 hour, the light and dark phase, respiratory quotients are shown during 12 hour 6 fasting and within the first six hours after a 5g test meal. Data for diet-induced 7 thermogenesis are expressed as a percentage of the energy content of a 5g test 8 meal and shown at 1h, 2h and 3h after re-feeding with the test meal after a 12 hour 9 fasting period. All data are shown as mean values ± SEM (* = p<0.05, ** = p<0.01, 10 *** = p<0.001). 11
12
Figure 5 13
Length (a) and weight (b) of the entire small bowel and differences in gut 14 morphometry in rats 60 days after gastric bypass (n=8) and sham operation (n=8). 
